To assess the exposure response relation of pyrethroids in spraymen, 50 adult male cotton growers were selected and divided into three groups, one group to spray pyrethroids for one day, two groups to spray for three days. Deltamethrin, fenvalerate, and a deltamethrin methamidophos mixture were sprayed by appropriate subgroups for five hours a day. Exposure levels were evaluated by measuring the air concentration, dermal exposure concentration, and urinary content of pyrethroids by gas chromatography. Air concentrations of deltamethrin at the breathing zone were 0 01-0-89 g/im' in the deltamethrin exposed group.
the legs, feet, and hands was appreciable and indicated that this was the main route of absorption. In those spraying for one day, urinary deltamethrin was not detectable by 12 hours after the beginning of exposure whereas fenvalerate was still detectable up to 24 hours after first exposure. Both pyrethroids could be detected two days after the end of three day spraying. Health effects were investigated by interview and physical examination. Twenty nine spraymen complained of abnormal facial sensations that developed mostly two to three hours from the start of pyrethroid spraying and that disappeared by 24 hours after exposure ceased. Some had dizziness, headache, and nausea, but no subject was diagnosed as having acute pyrethroid poisoning. The symptoms showed no significant correlation with urinary pyrethroid excretion. Blood cholinesterase activity of spraymen using the pyrethroid methamidophos mixture did not change.
vulsion in severe cases. Measurement of exposure to deltamethrin and fenvalerate under defined conditions of spraying and assessment of risks to spraymen have not, however, been investigated. Because pyrethroids are an increasingly important class of pesticides, this study was carried out to assess the exposure levels and health effects in pyrethroid spraymen, with the aim of preventing pyrethroid poisoning.
Subjects
Fifty male cotton growers, in three groups, were selected in 1987 and 1988. The subjects had no history of exposure to pyrethroids in the week before the investigation and were all confirmed as healthy by an interview and physical examination.
Group 1 (from Gaocheng county) for one day spraying consisted of 18 subjects aged 16-60 (mean 28-7) years. These subjects were divided into three subgroups-namely, subgroup la, six subjects who sprayed 2 5% deltamethrin EC (Roussel-Uclaf Company) diluted 1:1250; subgroup lb, six subjects who sprayed a deltamethrin (dilution 1:2000) methamidophos (dilution 1:600) mixture; and subgroup lc, six subjects who sprayed 20% fenvalerate EC (Suimoto Company) diluted 1:1250.
Group 2 (from Gaocheng county) for three day spraying consisted of 20 subjects divided into four subgroups-namely, subgroup 2a, five subjects who sprayed 2 5% deltamethrin EC diluted 1:1000; subgroup 2b, five subjects who sprayed deltamethrin (dilution 1:1000) methamidophos (dilution 1:600) mixture; subgroup 2c, five subjects who sprayed 20% fenvalerate EC diluted 1:1000; and subgroup 2d, five subjects who sprayed fenvalerate (dilution 1 :1000) methamidophos (dilution 1:600) mixture. All subjects were asked to spray pyrethroids in a cotton field for five hours a day using sprayers of single nozzle pressure type. Table 1 shows the mean use of pyrethroid EC and the mean amount of pyrethroid per 0-067 hectares. All the spraymen were followed and watched by the project personnel through the spraying.
Methods

COLLECTION OF SAMPLES
Air samples were collected from the subjects in groups 1 and 2 by Du Pont personal samplers set at the breathing zone with an air flow of 2 1/min throughout five hours of spraying. The polyester filters used were kept in small bottles until required for extraction and analysis.
For measuring the particle size distribution of pyrethroid aerosols, an impactor fraction sampler with an air flow of 20 1/min for 20 minutes was used to collect air samples from six sprayers.
Pads made of five layers of gauze, size 5 x 5 cm', pretreated by Soxhlet extraction with n-hexane were fixed to the head, chest, back, forearms, thighs, legs, hands, and feet of each subject in groups 1 and 2 for the measurement of dermal exposure. These pads were kept in small bottles after removal. For testing the protective efficacy of polyester trousers, a pair of gauze pads were fixed, one on a leg and one on the trousers at a corresponding position on the spraymen.
Urine samples were collected in polyethylene bottles rinsed with 1 N HC1. Collections were made at zero, three, six, nine, 12, 24, 48, and 72 hours after the start of spraying for each subject of group 1; at zero, 12, 24, 36, 48, 60, 72, and 96-120 hours after the start of spraying for those of group 2, and at zero, 24, 48, 72, and 96-120 hours after the start of spraying for group 3. The filters, gauze, and urine samples were stored in a freezer and transported by vehicle to Beijing for analysis.
Air temperature, relative humidity, wind force, wind direction, and atmospheric pressure were monitored during the period of spraying.
DETERMINATION OF PYRETHROID CONCENTRATIONS
Concentrations of deltamethrin and fenvalerate in urine and in n-hexane extracts of filters and gauze were determined by gas chromatography with a 63Ni electron capture detector. A varian 3700 gas chromatograph equipped with a 3% OV-101/ Chromosob WAW DMCS 60-80 mesh 1 m x 2 mm column at 240°C was used. The detection limit was 2 Blood cholinesterase was measured by test paper in each member of the subgroups lb, 2b, and 2d before and after spraying. Table 2 shows the air concentrations of deltamethrin at the breathing zone for the subgroups la, lb, 2a, and 2b and of fenvalerate for subgroups lc, 2c, and 2d. The distribution of pyrethroid particulate size varied from nozzle to nozzle. Most particles were larger than 5 ,um in four sprayers; in the other two most were less than 5 jm.
Results
EXPOSURE LEVELS
Dermal exposure, particularly for the legs, feet, and hands, was considerable ( of acute occupational pyrethroid poisoning were reported in Chinese medical publications between 1983 and 1988. 4 It was difficult to monitor the exposure levels of those patients. Therefore, fifty adult male spraymen were selected and their exposure levels were assessed during the spraying of pyrethroids. The air concentration of pyrethroids at the breathing zone of spraymen in this study was lower than that in workers engaged in packaging deltamethrin. 5 The urinary excretion rate of deltamethrin and dermal exposure, however, were higher in the spraymen. The exposure through the air route was less than 1% of that through skin. Even if the pyrethroids at the breathing zone were assumed to be absorbed totally, it would not be sufficient to give the concentration of urinary deltamethrin and its metabolites found in spraymen during and after spraying. These results show that dermal exposure seems to be the most important route of absorption and minimising dermal exposure is of paramount importance in the prevention of acute pyrethroid poisoning. Studies in animals have shown that the hydrolysis of pyrethroids can be inhibited by organophosphates in vivo and in vitro.6 In our study the urinary excretion of pyrethroids in these workers spraying pyrethroid organophosphate mixtures tended to be higher than that in those spraying pyrethroids alone. This suggests that the metabolism of pyrethroids in man may also be inhibited by organophosphates; thus, the toxicity of pyrethroids can be potentially increased. Although there was no change in blood cholinesterase, nor significant differences in the prevalence of symptoms and intoxication between the group spraying only pyrethroid and that spraying an organophosphate mixture, the spraying of pyrethroid-organophosphate mixtures should not be encouraged.
In our study, only a few spraymen developed adverse effects such as abnormal facial sensation and these were mild. None of them were diagnosed as having pyrethroid poisoning. No correlation was found between the concentration of urinary pyrethroids and the clinical manifestations. Severe cases of occupational acute pyrethroid poisoning, with convulsion and coma, had, however, previously been reported in China. A risk ofacute poisoning therefore exists for the spraymen who do not safely handle pyrethroids, and the need for prevention of acute pyrethroid poisoning should be emphasised to cotton growers. The safety recommendations should include adequate handling, personal protection, education strategy, and implementation of regulations.
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